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ABSTRACT 

We study an effective local interaction as a possible source of hard photons in 

the decay Zo -+ [ET. We restrict the form of this interaction by the requirements 

that it by gauge invariant, CP invariant and chirality conserving. Including 

constraints derived from the agreement of the standard model in other neutral 

current experiments, we find the ratio of radiative to non-radiative leptonic decay 

widths is given by 17(Mz/M~)~ where MA is the mass scale characterizing the 

“new physics.” This ratio is less than the preliminary indication of approximately 

10% if Al” is greater tban 350 GeV. 
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Observation of bards gammas accompanying the leptons in Za decay has 

been reported.* Specifically two observed decays Zo -+ e+e-7 and one of Zo -+ 

#p-7 suggest a ratio of radiative to non-radiative decay widths that ia an order 

of magnitude larger than anticipated from normal radiative corrections to the 

? lepton current.* The observed 7 is harder than anticipated on the basis of QED 

radiative corrections to the decay of a pointlike elementary Zo vector boson. At 

the same time, no comparable 7 emission has been detected in charged heavy 

boson decay, IV* + em.3 

These observations are preliminary and further data and analysis will be ce- 

quired before any conclusion can be made with confidence about the significance 

of these events.4 Nevertheless they raise an interesting question that we address 

here: What limits do, already established properties of the neutral current .inter- 

action put on possible corrections to the standard model’ leading to processes 

ZO + ez7? Are the observed radiative decays consistent with these limits? 

We approach this question by positing the existence of a local interaction 

between the lepton current and the Zo and 7 field strengths and their deriva- 

tives, which is a phenomenological representation of pwsible underlying str,ucture 

(compositeness) of the Zo and leptons on the mass scale greater than Mz. Cer- 

tain invariance proper&a are preserved in writing the interaction: 

(1) U(1) gauge invariance for the 7 and ZO fields. SU( 2) X U( 1) is sacrificed 

due to the absence of W* + E*v7 events. 

(2) cp invariance 

(3) Chiral invariance iu order to preserve present notions of the “liF;htness” 

of lepton masses. 
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We then find that within this set of assumptions the added interaction is severely 

limited by the established agreement of the standard model with observations of 

the interference between the neutral weak and the electromagnetic interaction in 

Bhabhascattering, atomic physics transitions and inelastic scattering of polarized 

electrons from deuterium. The constraints from these experiments imply that if 

this interaction is to explain the observed rate of radiative Zu decays to leptons 

then the mass scale characterizing the “new physics” cannot be larger than 350 

GeV. 

In addition to the conditions used above we will assume the interaction to be 

an isosinglet since no hard gammas are observed in W* decay. This assumption ’ 

extends the analysis to neutrinoelectron and neutrino-nucleon inelastic scatter- 

ing results which establish a, limit on the added interaction that is the same order 

of magnitude as the limits from the electron processes, but comp1ement.ary.o 

The effective interaction we study is given by a dimension 8 operator of the 

form 

L e,, = & 
I 

cL(zLqpeL + DLi,bL) + CR ?RRrPeR +or (~“FaX)GTA (1) 
A 

where Fbx and G” are respectively the 7 and Zo field strengths, ~,,~~r is the 

Levi-Civita tensor, MA > Mz is a mass defining the range, or mass scale, of 

Zo substructure and GL,R are dimensionless coupling constants. The Levi-Civita 

t.ensor is required in the interaction so that the total interaction term in the 

Langrangian is CP even. 

No lower dimensional operator can be written consistent with our stated 

assumptions. Tine only other possible dimension 8 operator differs from (1) by 

moving the derivative from the photon field onto the Zo field and leads to the 

same conchision.7 
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This phenomenological interaction allows us to predict the rate for Zu ---c ez7 

and the interaction of a lepton with charged quarks and leptons via the process 

of Fig. 1. The interaction of the ZO and 7 with the quarks and leptons is given 

by the standard model. Treating (1) as an effective interaction we. do not allow 

t eit.her the Zu or 7 to be absorbed by the same lepton Line that emitted it.8 

The loop integral in Fig. 1 depends quadratically on the cutoff which we take 

as MA > Mz. This leads to the effective local four-fermion interaction (GF is 

the Fermi constant) 

L dJ = 
e MzG;!’ 

$s'r cL(~Lr'eL+liLyPyL)~CR~RR~eR 
A (2) 

* b $ rgrsti -i- qb$ r,d) 
where pe is the electric charge of the Yarget”, JI, and a and b are respectively 

the vector and axial couplings of the target to the Zu. Values appropriate to the 

different experiments are listed in Table 1. For the atomic physics experiment 

one takes a coherent sum over the quark constituents of the nucleon as well as 

over the nucleons themselves. For the inelastic scattering experiments the sum 

over nucleons is incoherent. 

Such an effective Langrangian is constrained by the measurements that sup- 

port the standard modeLQ The tightest constraints come from neutrino scattering 

giving a limit to CL, 

ICLI I0.2Qf 

where 1~ (3%/e) 2’1’ (h~~/hfz)2, and from the atomic parity violation exper- 

iments giving a limit on CR -CL, 

Ic,‘-- CL1 < 0.221 
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We combine these to give an overall limit of 

(CA I- Cl)‘/2 5 (O.SQ)f . (3) 

Table 2 summarizes the restrictions derived from each of the indivfdual interfer- 
.r 

ence experiments. 

Constraints can also be obtained for an interaction similar to (1) .but with 

the leptons replaced by quarks. The atomic parity violation experiments and the 

polarized electron experiment performed at SLAC will both give limits.10 These 

limits will be less restrictive because to have the electrons coupled axially in the 

effective four-fermion interaction they must couple vectorially to the Zo which 

introduces a small factor (1 - 4 sin2 19,) w 0.08. 

The interaction (1) also allows the Zu to decay into CZr I1 with a rate com- 

pared to eP pairs of 

rr17pez = d(GFM;)-’ 
4608 7G 

w 3.2 x 1O-4 (C; + C;) (2)” . 

(4) 

Using the constraint (3) we obtain t.he limit 

b2& 5 17(z)4 * (5) 

If we require t.his ratio to be IO@’ /o as suggested by the data, then MA is less 

than 350 GeV! The bounds in Eichten et al.’ were quoted in terms of a larger 

scale MA % I TeV assuming that a strong force binds the constituents of 

the Icptons. However only the single parameter C/M2 has been determined 

by the interference measurements. Thus, the inde>endent limit of (5) with 
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M,, c 359 GeV corresponds Do an assumption of intermediate coupling; g2/4* w 

l/LO according to the conventions of Ref. 9. 

However there still remains a problem in the angular correlation reported in 

Ref. 1. The probability for 7 emission derived from Eq. (1) is proportional to 

f (k . x)2 (k . pr) (k . ~2) where n,k,pl,p2 are the four vectors of the Zo,r and 

the two leptons respect.ively. This gives a factor of (I- cosff) which enhances 

the probability for the photon and one of the leptons emerging back to back in 

the Ze rest frame, B being the angle between that lepton and the photon. This 

however does not explain the tight correlation suggested by the data. 

If these hard 7's prove to be inconsistent with ordinary bremsstrahlung their 

interpretation will be very puziiing as well as interesting. We thank Michael 

Peskin and Gary Feinberg for very valuable discussions. 
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r 
9 a b 

v 0 1 -1 

e, P -1 -( 1 - 492) 1 

u ?i (1 - $2) -1 

d 4 -(l- $3") 1 

P 1 (l- 492) -1 

n 0 -1 1 

.s2 E sin2 OLV M 0.23 



TABLE 2 

Summary of Constraints by experiment. 

Experiment Constraint 

v - e scattering IC,( < 0.29f 

v - q scattering PLl < 0-w 

Parity Violation 

in Atoms 

IG-C.Ll <0.22f 

Polarized 

Electron Scatt.eriag 

1% - c,l < O.Slf 

lcR+cLI < 2.Of 

Bhabha IcR-c,l < 0.88f 

Combined (C;4 + Q/2 < 0.59f 
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Fig. 1 

FIGURE CAPTIONS 

I. Graph for lepton scattering from quarks or leptons via the process in Eq. 

(1). 


